Identifying radiographic phenotypes of early knee osteoarthritis using separate quantitative features might improve patient selection for more targeted treatment  by Kinds, M.B. et al.
Abstracts / Osteoarthritis and Cartilage 20 (2012) S54–S296S202Methods: The subsample studied was drawn from the ﬁrst half (2678
cases) of the OA Initiative cohort (clinical data 0.2.1; imaging data 0.C.1).
The subjects had to fulﬁll the following criteria: BMI >25, frequent knee
pain (i.e., pain on most days on at least one month in the past 12 months)
in both knees; medial JSN OARSI grades 1-3 of one knee, no medial JSN in
the other (contra-lateral) knee, no lateral JSN in either knee. Participants
were selected based on the OAI site readings, were conﬁrmed by
a musculoskeletal radiologist (A.G.), and adjudicated in case of discrep-
ancies by a rheumatologist (D.H.). 67 cases fulﬁlled the speciﬁc inclusion
criteria, of which 47 were analyzed to date. Manual segmentation of the
entire tibial plateau and medial and lateral meniscus was performed on
coronal reconstructions of sagittal 3T DESSwe sequences; the meniscus
root, the Lig. transversum, and parts of the meniscus extruding anteriorly
and posteriorly beyond the tibial plateau were not included. From 3D
reconstructions, measures of meniscus position (% tibial plateau coverage,
% extrusion of the tibial meniscus area, mean extrusion distance in the
central 5 slices) and size (volume, height [maximal thickness], width) were
determined using custom software. Differences between (contra-lateral)
knees were assessed using paired t-tests, with p<0.01 chosen in view of
multiple comparisons.
Results: The 47 participants included 15 men and 32 women (age
59.18.5 y [meanSD]; BMI 31.84.3 kg/m2). Of the knees with medial
JSN, 30 were grade 1, 15 grade 2, and 2 grade 3. Values for the medial
meniscus are shown in Table 1, and direct between-knee, within-
person differences in Table 2.
The medial tibial plateau showed substantially less (meniscal) coverage
and the medial meniscus substantially more extrusion in JSN vs. no-JSN
knees, particularly at higher JSN grades (Tables 1 & 2). Medial meniscus
volume and height were not signiﬁcantly different between JSN vs. no
JSN knees, but meniscus width was signiﬁcantly smaller in JSN knees. In
the lateral meniscus, no signiﬁcant differences in tibial coverage,
meniscus position, or meniscus size were observed between knees with
and without medial JSN (data not shown).
Conclusions: Knees with frequent knee pain and medial JSN display
substantially less medial tibial coverage and more extrusion of the medial
meniscus compared with contra-lateral knees without radiographic JSN,
likely associated with less mechanical protection of the medial tibial
cartilage. In comparison, differences in meniscus size between JSN and no-
JSN knees were only modest. No signiﬁcant alterations of the lateral
meniscus were observed in knees with medial JSN.Table 1
Medial Meniscus Position and Size (MeanSD) as a Function of JSN
Medial Meniscus Position
Cov (%) Extr.A (%) Extr. D (mm
JSN0 (n¼47) 457.4 178.4 2.01.3
JSN1 (n¼30) 378.9 258.0 2.91.2
JSN 2/3 (n¼17) 2511 4419 4.62.0
JSN ¼ radiographic joint space narrowing (OARSI grade); Cov (%) ¼ % coverage of the tib
extruding over the tibial plateau rim; Extr. D ¼ extrusion distance in the central 5 slices
Table 2
Side Differences (MeanSD) of Medial Meniscus Position and Size (JSN vs. no JSN)
Medial Meniscus Position
Cov (%) Extr.A (%) Extr. D (mm
JSN1 vs. 0 -7.3 8.3** 7.9 9.0** 0.9 1.2**
JSN2/3 vs. 0 -21 10** 27 18** 2.6 1.9**
* p<0.01 / ** p<0.001 (paired t-test between contra-lateral knees).407
IDENTIFYING RADIOGRAPHIC PHENOTYPES OF EARLY KNEE
OSTEOARTHRITIS USING SEPARATE QUANTITATIVE FEATURES MIGHT
IMPROVE PATIENT SELECTION FOR MORE TARGETED TREATMENT
M.B. Kinds 1, A.C. Marijnissen 1, M.A. Viergever 1, P.J. Emans 2,
F.P. Lafeber 1, P.M. Welsing 1. 1Univ. Med. Ctr. Utrecht, Utrecht,
Netherlands; 2Maastricht Univ. Med. Ctr., Maastricht, Netherlands
Purpose: The expression of osteoarthritis (OA) varies signiﬁcantly
between individuals and over time, implying the existence of different
phenotypes. This study aims at identifying phenotypes of progression of
radiographic knee OA and to describe their radiographic and clinical
characteristics, which might lead to treatment targets.
Methods: In individuals with early knee OA from the Cohort Hip & Cohort
Knee (CHECK), baseline, two-year, and ﬁve-year follow-up (T0, T2y, and
T5y) radiographs were evaluated. Separate radiographic OA parameters
were quantitatively measured by Knee Images Digital Analysis (KIDA). To
identify phenotypes of radiographic knee OA progression, hierarchical
clustering was performed using the KIDA measurements of participants
with complete data at T0, T2y, and T5y (n¼417 of 1002). The phenotypes
were compared for development of joint space width (JSW), varus angle,
osteophyte area, eminence height, bone density, and for clinical charac-
teristics at T0. Additionally, logistic regression analysis evaluated whether
baseline radiographic features predicted towhich phenotype an individual
belonged.
Results: Overall, the radiographic features showed OA progression during
follow-up (ﬁgure). Based on the development, ﬁve clusters were identiﬁed
that were interpreted as ‘severe’ (n¼17; most progression of all radio-
graphic features) or ‘no’ (n¼108) progression, ‘early’ (n¼110; progression
of all features speciﬁcally between T0 and T2y) or ‘late’ (n¼69; progression
of all features speciﬁcally between T2y and T5y) progression, or speciﬁc
involvement of ‘bone density’ (n¼113). Clinical characteristics at T0 were
not evidently different between the clusters, and WOMAC (Western
Ontario and McMaster Universities) scores were only slightly lower in the
‘no’ cluster than in the other clusters. In the evaluation of predictors for the
different clusters, the area under the curve (AUC) improved when radio-
graphic features were added to basic demographic and clinical variables.
Kellgren & Lawrence grading was not a signiﬁcant predictor for any of the
phenotypes. The predictors for ‘early’, ‘late’, and ‘no’ progressionMedial Meniscus Size




ial plateau by the meniscus; Extr. A (%) ¼ % of the tibial meniscus surface
, Vol ¼ Volume.
Medial Meniscus Size
) Vol (ml) Height (mm) Width (mm)
-0.15 0.42 0.28 1.0 -1.0 1.3**
-0.29 0.69 0.11 1.4 -1.3 1.5**
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‘severe’ and ‘bone density’ phenotypes. Larger medial JSW, varus angle,
osteophyte area, eminence height, and bone density at T0 were associated
with ‘severe’ and ‘bone density’ progression. The ‘bone density’ model had
AUC¼0.91 (a multivariate model for ‘severe’ progression was not possible
due to n-value). Smaller eminence height and bone density were associ-
ated with ‘early’ and ‘late’ progression (AUC¼ 0.79, and 0.76 respectively).
Larger varus angle and smaller osteophyte area were associated with ‘no’
progression (AUC¼0.72).
Conclusions: This is the ﬁrst study to identify speciﬁc phenotypes of
radiographic knee OA progression in individuals with early OA complaints.
Phenotypes represented the level (severe vs. no) and phase of progression
(early vs. late), and the involvement of a speciﬁc feature (bone density).
Baseline radiographic features could predict the phenotypes. The pheno-
types might represent relevant subgroups for the evaluation of treatment
strategies in clinical trials, and with that drive the discovery of more tar-
geted treatment.408
CAM-TYPE DEFORMITIES STRONGLY PREDICT TOTAL HIP
REPLACEMENT WITHIN 5 YEARS IN THOSE WITH EARLY
SYMPTOMATIC OA: A PROSPECTIVE COHORT STUDY (CHECK)
R. Agricola, M. Heijboer, S. Bierma-Zeinstra, J. Verhaar, H. Weinans,
J. Waarsing. Erasmus Med. Ctr., Rotterdam, Netherlands
Purpose: Femoroacetabular Impingement (FAI) is a cause of hip pain and
might induce osteoarthritis (OA) of the hip due to abnormal contact
between the femoral neck and acetabulum. Two types of FAI can be
distinguished: pincer and cam impingement. Pincer impingement is
caused by overcoverage of the acetabulum relative to the femoral head,
and cam impingement is caused by extra bone formation -a cam-type
Ădeformity- in the anterolateral head-neck junction. For cam impingement,
the only treatment available is a surgical resection of the cam-type
deformity, which nowadays is performed with increasing frequency in
young adults. However, the relation between those two types of
impingement and the development of OA is unclear. The aim of this study
was to determine the relation between cam impingement and pincer
impingement on the development of both early OA and end-stage OA after
5 years.
Methods: Individuals were extracted from the CHECK (cohort hip and
cohort knee) study. CHECK is a prospective cohort study of individuals
with assumed early symptomatic OA of knee or hip. Of the 1002 indi-
viduals, a random subset of 865 had standardized anteroposterior
radiographs (AP) taken at both baseline and 5 years follow-up. AP-pelvic
radiographs of sufﬁcient quality were obtained in 723 subjects at baseline
and in 770 subjects at the 5 years follow-up. The shape of the proximal
femur and acetabulum on the AP radiographs was assessed using statis-
tical shape modelling (SSM). Parameters used to quantify FAI morphology
were automatically calculated from the point set of the SSM, using
Matlab. For cam impingement, the alpha angle and Triangular Index Ratio
(TIR) were measured. Threshold values used to quantify a cam-type
deformity were 60 degrees and 83 degrees for the alpha angle, and 0.05
for the TIR. To quantify a pincer deformity, the Lateral Center Edge angle
(LCE) was used at a threshold value of 40 degrees. Further, all radiographs
were scored for OA according to the K&L classiﬁcation. The outcome
measure for early OA were hips progressing from K&L¼0 at baseline to
K&L¼1 after 5 years. Hips that had received Total Hip Replacement (THR)
at follow-up were classiﬁed as end-stage OA. The strength of the relation
between the impingement parameters and both outcome measures was
expressed by means of Odds Ratios (ORs) using Generalized Estimating
Equations.
Results: For this study, 682 females (mean age 55.8) and 183 males
(mean age 56.4) were included. At baseline, 75% of the hips had no signs
of OA (K&L¼0) whereas 25% had doubtful OA (K&L¼1). Crude and
adjusted ORs for impingement parameters in relation with the develop-
ment of both early OA and end-stage OA are displayed in table 1. No
relation was found between any impingement parameter and the
development of early OA. The measures for a cam-type deformity were
strongly associated with end-stage OA. Especially the OR for a severe
cam-type deformity (alpha angle > 83 degrees) was high (10.88, 95% CI
5.21 - 22.69, p < 0.001). No association was found between a pincer
deformity and the development of end-stage OA. Further, the risk for
receiving THR when having a cam-type deformity as determined by an
alpha angle > 83 degrees, > 60 degrees, and by an TIR > 0.05 was 23.3%,
9.6%, and 8.8% respectively.
Conclusions: A cam-type deformity is strongly related to the development
of end-stage OA after 5 years, whereas a pincer deformity is not. Our
results indicate that individuals having a cam-type deformity that present
with the ﬁrst onset of hip complaints are at high risk (OR 11.3) for fast
progression to end-stage OA. Cam impingementmight thus be the ﬁrst risk
factor that is highly predictive of fast progression for hip OA. Interestingly,
it may be diagnosed and treated before hip damage is present whichmight
prevent hip OA.
